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16S rRNA 基因鉴定结果表明这些菌属于 Caloranaerobacter 属，与模式种 C. 
azorensis MV1087T 有最高的序列相似性，分别是 99.44%和 98.96%。另外，利
用其他分离培养方法获得 1株高温产氢菌，获得 15株中温发酵产氢菌，10株氢




影响菌株产氢的重要因素。菌株 C. azorensis H53214在最优产氢条件下：初始
pH值 7.7，蛋白胨 8.3 g/L和酵母膏 7.9 g/L，最大累积产氢量，氢气得率和产生
速率分别为 1.58 L H2/L培养基，1.46 mol H2/mol葡萄糖和 25.7 mmol H2/g cell 
dry weight/h。比较分析了目前所有属于 Caloranaerobacter 属菌株的产氢特点，
包括 C. azorensis H53214, C. azorensis H363, C. ferrireducens DY22619以及模式
菌株 C. azorensis MV1087，这些菌株均分离自深海热液环境。研究结果表明菌株 















mol H2/mol 葡萄糖。液体末端发酵产物的检测结果表明菌株 H363, H53214 和 




模式菌株 K. pacifica SLHLJ1T的完成图序列，模式菌株 D. indicum 20V17T的基因
组草图序列，菌株 C. azorensis H53214和 C. ferrireducens DY22619的基因组草图
序列。研究表明菌株K. pacifica SLHLJ1T既含有[NiFe]-氢酶，又含有[FeFe]-氢酶，
而菌株 D. indicum 20V17T 则只含有[NiFe]-氢酶。重点关注了 Caloranaerobacter
属的氢酶特点。该属菌株只含有[FeFe]-氢酶，且均位于细胞周质间隙。该酶在





























Hydrogen production performed by microbiology has many advantages, which 
considered as the most promising method for H2 production. The deep-sea 
hydrothermal vents exhibit unique physicochemical characteristics and host diverse 
ecosystems, which different from terrestrial and other ocean environments. However, 
less study has been focused on microbes and their role involving in hydrogen 
turnover in the environment. The aim of the present study is to isolate, characterize 
and identify hydrogen-producing/oxidizing microbes and hydrogenase, which play a 
key role in hydrogen metabolism, from deep-sea hydrothermal vent fields.  
Seven thermophilic, fermentative, hydrogen-producing enrichments were 
obtained from hydrothermal vent sulfides collected from the Southwest Indian 
Ocean, East Pacific and South Atlantic. 16S rRNA gene analysis revealed that 
members of the Caloranaerobacter were the dominant component in these 
enrichments, followed by Clostridium, Caminicella, Desulfotomaculum and 
Caulobacter. The results suggested that Caloranaerobacter species might be 
ubiquitous and play a role in biological hydrogen generation in deep-sea 
hydrothermal vent fields. 
Subsequently, two thermophilic hydrogen producers, strains H363 and H53214 
were isolated. They were closely related to species in the genus Caloranaerobacter, 
sharing 99.44% and 98.96% 16S rRNA sequence similarity with type species 
Caloranaerobacter azorensis MV1087T, respectively. In addition, one 
hydrogen-producing thermophile, 15 mesophilic hydrogen-generating strains and 10 
strains involved in hydrogen oxidation were isolated by other methods. On the basis 
of the taxonomic data, strain SLHLJ1 and 20V17 have been classified as the novel 
species of genus, for which the name Kosmotoga pacifica sp. nov. and Defluviimonas 
indica sp. nov. were proposed. 
To ascertain the hydrogen-evolving capabilities of Caloranaerobacter, further 















azorensis H53214 was investigated by the response surface methodology (RSM). The 
data indicated that initial pH, tryptone and yeast were significant variables. The 
optimal culture conditions for hydrogen production were an initial pH of 7.7, 8.3 
g/L tryptone and 7.9 g/L yeast. Under these conditions, the maximum cumulative 
hydrogen volume, hydrogen yield and maximum H2 production rate were 1.58 L 
H2/L medium, 1.46 mol H2 mol/glucose and 25.7 mmol H2/g cell dry weight 
(CDW)/h, respectively. Further comparative analysis of the hydrogen-producting 
characterization of genus Caloranaerobacter, incuding C. azorensis H53214, C. 
azorensis H363, C. ferrireducens DY22619 and C. azorensis MV107, which was the 
type species of genus Caloranaerobacter. The H2 yields of strains H363, H53214, 
DY22619 and MV107 were 0.11, 1.21, 3.13 and 2.85 mol H2/mol glucose, 
respectively. Determination of the main soluble metabolites revealed that strains 
H363, H53214 and MV107 performed heterolactic fermentations, while strain 
DY22619 performed butyric acid fermentation, indicating distinct fermentation 
patterns among members of the genus.  
Finally, the diversity of hydrogenase was analyzed based on the genomic data, 
including the complete genomic sequence of K. pacifica SLHLJ1T, draft genomic 
sequences of D. indicum 20V17T, C. azorensis H53214 and C. ferrireducens 
DY22619. The genome of K. pacifica SLHLJ1T contained [NiFe]-hydrogenase and 
[FeFe]-hydrogenase, while only [NiFe]-hydrogenase was found in draft genomic 
sequences of D. indicum 20V17T. A diversity of forms of [FeFe]-hydrogenase with 
different modular structures were revealed based on draft genomic data of 
Caloranaerobacter strains. This highlights the complexity of hydrogen metabolism 
in Caloranaerobacter, reflecting adaptations to environmental conditions in 
hydrothermal vent systems.  
Collectively, the diversity of hydrogen-producing and -consuming microbes in 
hydrothermal vent environments was investigated using a culture-dependent method. 
The results indicated that Caloranaerobacter species might be ubiquitous and play a 















addition, this was the first description of a novel genus, Caloranaerobacter, 
exhibiting a high potential for hydrogen production at elevated temperature. 3 strains 
of genus Caloranaerobacter were superior to the most thermophilic hydrogen 
producers owing to the high hydrogen production rate and high hydrogen yield, which 
could be considered as alternative models for biohydrogen production studies. Further 
the diversity of hydrogenase gene was investigated based on the genomic sequences. 
Caloranaerobacter only contained [FeFe] hydrogenases exist in multiple forms with 
different modular structure。 
 
Keywords: Deep-sea hydrothermal vent; micrbes involved in hydrogen metabolism; 































































藻  Chlamydomonas reinhardtii ， 绿 藻 Scenedesmus obliquus ， 海 洋 绿 藻
Chlorococcum littorale 和 Playtmonas subcordiformis 等。产氢的蓝细菌主要包括







































图 1-2 光合发酵产氢过程 [5]。 
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